Abstract -As much for the geneticist as for the planter, information on sites, clones, and other factors would be decisive to reduce insect damage on poplars. In this perspective, a study was done in eight field trials in Belgium and in Luxembourg, considering two types of leaf damage on 24 clones from Italy, Belgium and the Netherlands. Damage varied considerably, depending on the clones, sites, species and parental individuals. Clone's ranks concord on the different sites; site's ranks are similar for the various clones. Clones with same parents have similar levels of resistance. The two types of damage are not correlated. Hybrids of P. deltoides × nigra show widespread variability; those with genetic material of P. trichocarpa are generally more resistant to caterpillar-like damage. The maximal differences are about 1 to 5 for the clones, and 1 to 10 for the sites. But the most vulnerable clone on the most favourable site was damaged almost 70 times more often than the opposite combination. insecte / peuplier / clone / parenté / site
INTRODUCTION
Poplar trees, ideally adapted to plain landscape, have a higher production than most other species. But insect damage on leaves or on wood can reduce, sometimes drastically, this productivity. Occurrences of such defoliations are very numerous; our bibliography gives only a very limited example (see also: [10, 11, 23] or www. poplar + defoliators). Damage on leaves we analysed induces a photosynthesis decrease and a production of defence mechanisms inhibiting growth: Nef and Duhoux [22] quote many cases of growth decrease after insect attacks. For instance, attack of Phyllocnistis unipunctella reduces by 25% the leaf area [5] , without any compensation of the photosynthesis [21] , but can increase drastically the polyphenols content [20] .
The ecological and economic damage caused by insects to poplar trees varies according to several factors. Apart from those linked to the dynamics of the pest population and their enemies, the genetic and sitelinked factors play a crucial role and, in addition, can be profitably controlled by the poplar grower. As such differences can be decisive, research is needed to ascertain what is relevant to site or to genetics aspects.
Despite the promising practical possibilities offered by the use of the natural resistance of Salicaceae to pest, too few publications deal with the subject (see for instance the comprehensive reports published by [2, 22] , or other publications like [14, 15] ).
To obtain reliable and extrapolative results, Nef and Duhoux [22] recommend starting with field research, in different places, then adding complementary result about the site to these initial findings. To contribute to such information, one of us collected, in rigorously similar conditions, samples of hybrid poplars planted on various sites that enabled to correlate the respective damage with the mineral content of the leaves and with the sites characteristics. These two aspects, site and leaf, will be dealt with in later publications, while the present paper will focus essentially on the importance and variability of the damage in terms of genetic factors and of trial fields.
Our first concern was to ascertain the extent of damage, this one being inversely correlated with the intensity of the defence systems. Polyphenols seem to be most frequently used by poplars in such mechanisms, and could be linked to differences in strategy between forest and pioneer poplars [20] . This damage was observed on the different clones and in the different sites and, later on, related to genetic factors. Secondary questions are to rank the clones in function of the damage suffered. Concerning this last point, the clones examined in this experiment are never commercialised all together in any of the countries of origin, and such a ranking would thus be completely useless. Partial ranking could easily be extrapolated from different hereafter results such as those below in Table III .
OBJECTIVES
In the framework of the present article, the following points are developed:
-What is the quantitative importance of the damage caused by the defoliators? -Is the leaf area variable and does it influence the damage? -Do the clones affect leaf susceptibility to insect attacks? -Do the clones show the same susceptibility to the two types of damage observed? -In the different sites, do the clones show similar susceptibility to defoliators? -Do the parent species affect the vulnerability of the clones? -Do the clones with the same parental individuals reveal a comparable susceptibility?
MATERIAL AND METHODS

Trial fields and clones
The study used 8 sites established in 1994 and 1995 in the framework of the European project IRPI (International Research on Poplar Improvement, coordinated by S. Bisoffi, Italy). Seven of the fields were located in Belgium, and the eighth (Lintgen) in the Grand Duchy of Luxembourg. Their main characteristics appear in Table I .
Three clones came from the Netherlands, 13 from Italy and 9 from Belgium (cf. also Tab. II). The cuttings came from those countries as well. The Ticino clone was excluded because it showed a high mortality rate, probably caused by bad adaptation to the local climate.
The trees, planted 80 cm deep, were spaced out 8 m apart. They were about 4 to 6 m tall, according to the clone and to the year of Each trial field consisted of 6 repetitions of 25 clones in an "onetreeperplot" arrangement. In order to restrict the labour, only two repetitions were used, which means that 2 trees per clone and per site were sampled. On each tree, we collected 25 developed leaves of a randomly chosen twig, by avoiding the terminal shoots as well as the lower branches, an optimum to estimate their mineral content [8] . A minimum of about 25 leaves is needed to represent validly a poplar tree. A total number of about 9 100 leaves (some samples were not complete) were collected in 1995, of which the individual surface, the damaged area, and the mineral composition were analysed. For each site and clone, 50 leaves were studied, giving good approximations of those variables, which will be proved later on by the very significant results obtained on the basis of this experimental design.
The samples were harvested in June, at the end of the period of the pest activity when damage is maximal. Consequently, most insect pests had disappeared when sampling began, but the few remaining ones permitted some coherent determinations of the concerned defoliators' fauna.
The clones studied were hybrids belonging to the following genetic groups: D?, (clones with unknown father), D×DN, DN, (DD)×(TD), (DN)×(TD), and lastly TD or DT (abbreviations explained in Tab. II). The tables of results (Tabs. III and IV) range mainly from the clones with the maximum genetic constituents in P. deltoides to those with the maximum genetic weight in P. trichocarpa. In our study, no difference was observed between the TD and the DT, and consequently, these will no longer be taken into account.
For a number of interpretations, the first three groups were gathered under the designation "ΣDN" given the parallelism between the results; the same applies to the whole of the other clones designated as Genetic Group "ΣTD" with P. trichocarpa as a genetic constituent. These interpretations are designated globally by the heading "ΣGenetic Groups" (Figs. 4, 5 and 6). Table II list the clone, the common parents and the average leaf surfaces.
Quantification of the damage caused by leaf insect pests
The surface of each leaf studied was measured separately with the help of an image analyser (NIH Image) and the estimated damaged area was divided into two categories:
-widespread damage often spreading in from the leaf edges, and attributable to caterpillars or sawfly larvae ( Fig. 1) , hereafter called L1, -window-like puncturing ( Fig. 2) attributable to adult coleoptera, hereafter called L2.
There was negligible trace of typical larval chrysomelid damage.
Statistical methods
Our results used only the absolute values of the leaf surfaces eaten. Other quantifications, such as the frequency of attacks, the percentages of surfaces eaten, or some mathematical transformations, did not enhance the conclusions and were not retained. The analyses were preferably performed by starting from average damages on trees, which represents a replication with 25 leaves [9] . In these conditions, the data were distributed between 2 repetitions, 24 clones and 8 sites, or a theoretical total of 384 combinations, actually reduced to 364, since some data were missing. A variance analysis was applied, with three classification criteria: repetitions, clones and sites. The Proc GLM (Copyright SAS Institute) procedure was used for these analyses.
The Kendall test [24] was used to check the concordance between the results for the clones and for the sites.
RESULTS
Global importance of observed insect damage
During the study year, type L1 damage covered an average surface of 0.6 cm 2 per leaf, while the average surface of type L2 damage was clearly less, only about 0.05 cm 2 . The impact of the damage on the trees' physiology is proportional to the surface eaten, and not to its sole absolute value. The global average is 3.5% for type L1 and 0.3% for type L2. These preliminary statements will be greatly influenced by the differences due to the clones and to the sites. By way of illustration: for the most vulnerable clone on the most favourable site, 18% of the foliar surface was destroyed by the L1, but only 0,26% for the opposite combination.
Leaf surfaces
The leaf surfaces per site and per clone are given in Tables I  and II Tab. II) and by the statistical analysis, is first linked to the genetic group: the "ΣDN" poplars usually have smaller leaves (average 13.9 cm 2 ) than the "ΣTD" poplars (average 21 cm 2 ), in agreement with general knowledge about poplars [12, 16] . The same figure shows the complete break between the DN and the TD clones; the DTD hybrids appear in intermediate position. The hybrids with a nigra genetic constituent have smaller leaves than those of the other groups. The Lena and Dvina clones, father unknown (but D×D as tested by DNA: S. Bisoffi, in litt.) have leaf surfaces similar to those of the trichocarpa hybrids.
From site to site, the leaf surfaces (Tab. I) vary very considerably from 9 to 29 cm 2 , due to the age of the plantation and, mainly, to site characteristics. 
Influence of the leaf surface on damage intensity
At first sight, the leaf surfaces do not present any correlation with the surfaces eaten by L1 (Fig. 4) . But careful observation reveals a difference: the "ΣDN" group shows a positive correlation with the leaf surface: (r = 0.654** for 14 d.f.), while the "ΣTD" group does not show such a relationship.
Contrary to the L1, the L2 damage on the clones, either for the "ΣDN" group or for the "ΣTD" group, shows no significant relationship with the leaf surfaces (Fig. 5) . 
Variations of insect damage
For L1 damage, Table III gives the average leaf surface eaten per leaf for every clone and site. Both the clones and the sites are listed from the most susceptible to the most resistant. The genetic groups to which the clones belong are recalled in this Table. The same method for type L2 is utilised in Table IV .
Influence of the clones
Type L1 damage
Clone susceptibility varies strongly, the clone average ranges from 1.38 cm 2 for the Lambro to 0.162 for the Hazendans, or a ratio of 1 to 8 (Tab. III). Statistical analysis largely confirms these differences: F = 8.5*** with 23 and 158 d.f.
The Kendall test shows that the clone ranks reveal an extremely significant concordance on the different sites: W = 0.385*** with 23 d.f.
Type L2 damage
The averages per clone of type 2 damage (Tab. IV) range from 0.08 cm 2 (Koster) to 0.02 (S683/24). These differences 104 R. Tomescu, L. Nef 
Correlation between L1 and L2 damage per clone
Taken as a whole, damage types L1 and L2 reveal no correlation (Fig. 6) .
However, the "ΣDN" group shows a clear tendency towards correlation, and this becomes very significant when excluding the Koster clone (Fig.6 : r = 0.69** with 13 d.f.) which produced quite aberrant results on some sites
In contrast, the balance insectplant for the "ΣTD" group might depend more on specific resistance mechanisms different for the L1 and for the L2.
Influence of the genetic groups and common parents
Type L1 damage
The susceptibilities per genetic group differ sharply (Fig. 7) . On average, the TD are more resistant than the DN Figure 6 . Relationship between the damaged area L1 and L2 par clone for the "ΣGenetic Groups" (in cm 2 ).
clones but in this case (in contrast to the leaf surfaces, Fig. 3) , the values partly overlap. While some DN are certainly more susceptible than the TD, others are equally resistant. Such information would be of benefit to the selector's work. Another advantageous result for the selector lies in the susceptibilities of clones with the same fathers and/or mothers (Fig. 7 , a line joins them) because they do not vary as significantly as in the clones without such parenthood. Figure 8 quantifies a number of these differences.
Type L2 damage
Contrary to L1 damage, the genetic groups do not have a clearcut effect on the susceptibilities to leaf eating insects. Table IV and Figure 9 show that the insect damages are widely scattered. The susceptibilities of the "ΣTD" with common parents, compared to those without common parents, are much further apart. In contrast, the susceptibilities of the "ΣDN" with common parents are very similar.
Influence of the trial fields
Type L1 damage
For the L1 damage (Tab. III), the averages range from 1.024 cm 2 at Lintgen, the most vulnerable site, to 0.143 cm 2 at Gembloux. These differences are much more significant than for the clones: the site variability is F = 34.01*** with 7 and 8 d.f. They tend to form two distinct groups, characterized by their vulnerability: trial fields 2, 5, 10, 1 and 8 were infested much more significantly than fields 7, 6 and 3.
The Kendall test verified that the clones occupied similar ranks in the different sites: W = 0.498*** with 7 d.f.
Type L2 damage
For L2 damage (Tab. IV), the dispersal of the results is much broader with 0.168 cm 2 at Deinze and 0.011 cm 2 at Lintgen. The Anova confirms the high variability between the field trials: F = 118.7*** with 7 and 8 d.f. The first site was more heavily infested than the next four; trial fields 10, 7 and 2 were the most resistant.
The concordance between clone ranks in relation with the sites is very significant. W = 0.631*** with 7 d.f.
Relation L1 -L2
No significant correlation was found between L1 and L2 damage per trial field (Fig. 10) , and even the site most susceptible to the L2 (Deinze), proved one of the most resistant to the L1. Hence we reiterate the hypothesis that both types of damage are linked to different means of resistance. 
Joint influence of clones and sites
The concordance between the clones and sites classifications also allows drawing a conclusion of special interest to poplar planters. The extent of the damage to the most infested clone in the most susceptible trial field can be estimated and the same is achieved between the two minimal values (this approach is preferable to treating the real values, because the estimation mitigates the random variations and gives a better overall picture of the phenomenon [9] ).
As far as the L1 is concerned, the damage for the Lambro clone in Lintgen is estimated at 2.36 cm 2 , whereas it is limited to 0.03 cm 2 for the Hazendans clone in Gembloux. There is a ratio of 62 to 1 between the two. With regard to L2 damage, the extremes are 0.27 cm 2 (Koster in Deinze) and 0.004 cm 2 (S 683/2 in Lintgen), or a ratio of 67 to 1. Therefore, the planting of a resistant clone on a site unfavourable to insects would reduce the attacks to an enormous extent.
DISCUSSION
Damage intensity
Only moderate damage was noted during the study year. The insects causing type L1 damage (caterpillar-like damage) only destroyed an average of 3.5% of the leaves (with a maximum of 18%), while type L2 damage (coleoptera-like damage) was limited to 0.3%. The observed damages were by far less important than pullulations destroying the entire leafage: Allegro and Augustin [2] , Nef and Duhoux [22] quote many examples of such infestations caused by Operothera brumata, Leucoma salicis, Chrysomelidae and many other larvae. Such pullulation generates secondary resistance mechanisms that utilize energy and could reduce tree growth.
Our study covers only a sample of small population, but perhaps this factor helped us to obtain more accurate results: by greater damage (the maximum being a complete defoliation), the results would become more and more similar, and the conclusions would thus decrease in validity. However, preferences between poplars can sometimes vary according to insect density [3] or other factors [7] .
Influence of leaf surface on damage
For the "ΣTD" group, L1 and L2 damage is independent of the leaf surface; the clonal specific resistance mechanisms might explain the differences.
Where the "ΣDN" clones are concerned, the largest leaves are those most exposed to the L1 damage; the L2 damage does not show more than a similar trend. So, this factor for the DN hybrids could become one of the selector's first criteria to control L1 damaging insects.
Two hypotheses could explain this phenomenon. On the one hand, the larger leaves would supposedly attract more L1 individuals in search of a site for their eggs and also more L2 looking for food. However, in addition to this, the larger leaves would be damaged to a greater extent by the L1. This explanation is unsatisfactory: an insect eats to cover its food needs and not because of the leaf surface available. (Notice that the leaves are not entirely eaten away). Perhaps the smaller leaves are thicker, by way of compensation, so that the insect is satisfied with a smaller surface for the same amount of food. Another more likely hypothesis is that clones with larger leaves might contain more attractive or appetizing elements or include less deterrent. Nef [19] gives the following example: the greater the amount of tannin in the leaf, the longer the galleries of Phyllocnistis unipunctella, and the thinner the chrysalis produced. The content in nitrogenous compounds can also play an important role [13] . This phenomenon will be discussed in a later publication.
The leaf surfaces vary from site to site, but neither the L1 nor the L2 damage is correlated with these differences in location. This goes to prove that the extent of the damage is not caused mechanically by the leaf surface but that chemical explanations are more likely.
Variations due to clones and trial fields
The clones generate variations of the damage in the proportion of 1 to 8 for the L1 and 1 to 4 for the L2. Variability between the DN hybrids is clearly much greater than between the TD hybrids. The trial fields themselves reveal still more significant variations: from 1 to 8 (L1) and even 1 to 15 (L2).
For L1 damage, there is a very significant concordance between the respective ranks of the clones used in the different places, and in the reactions of the clones to the site characteristics. Those results confirm the hypothesis that these classifications are not fortuitous, but due to genetic or stationrelated systematic effects, probably of chemical nature. The results are not so clear for the L2, which are about 10 times less abundant, and thus less quantifiable.
Between the most susceptible clone on the site most favourable to the insects, and the most resistant clone on the unfavourable site, the estimated differences, in our experiments, is not far from 70 to 1. This conclusion is of the utmost importance from a practical point of view because the correct choice of clone and station will be of considerable weight for preventing insect damage. This point has been raised in other publications, quoted by Nef and Duhoux [22] , but our present results quantify the very large difference due to those factors and confirm the necessity of such research.
Influences of the genetic groups and common parents
The dispersal of the "ΣDN" clones would suggest that several resistance mechanisms are implied. Other authors, such as Charan-Singh and Singh [6] and Nef [17] , have highlighted the great variability of the resistance in this group. This evidence supports the hypothesis of the polygenic type resistance: Allegro [1] , Augustin and Delplanque [4] referred to by Allegro and Augustin [2] .
The "ΣTD" are on average much more resistant to L1 insects damage. For the L2 damage, the results of the "ΣTD" clones are aberrant: the most probable explanation to this situation may be a random variation between too low frequencies.
The clones with the same parents have clearly similar resistance. This link between the susceptibility of the clones and the species or parental individuals means that our results can be extrapolated and applied to new crossings. For the geneticist, resistance to insects can be a major element in the selection of new clones, all the more so because this resistance is at work in parallel in different stations. However, the selector must remember that the resistance of poplars to pests is very variable and that, in consequence, resistance to pests specific to the planting site will have to be investigated. Generally speaking, the clones with one P. trichocarpa are, on average and often significantly, more resistant to type L1 defoliators. This finding corresponds, among others, to those of Gruppe et al. [14] and James and Newcombe [15] . Contrariwise, these clones tend to be preferred by L2 defoliators, probably coleoptera, which is close to the results quoted by Allegro and Augustin [2] . Another example: the pureP. trichocarpa clones are very susceptible to the leaf miner Zeugophora flavicollis, a coleoptera which is inhibited by the deltoides genes in the DN and TD hybrids, whereas the lepidoptera miner Stigmella trimaculella prefers the DN but is inhibited by the trichocarpa genes [17, 18] .
No result indicates that paternal genetic influence on pest resistance differs from that of the mother's.
